Current estimates of nutrient requirements for growth are based on the variation about average daily growth rates calculated from annual growth increments However, the report Protein-Energy Requirements under Conditions Prevailing in Developing Countries: Current Knowledge and Research Needs (UN University, Tokyo, 1979, WllTR-1/ UNUP-18) called attention to an issue that has received very little notice -namely, that even normal, well-nourished children do not grow continuously at the average rate. Instead, they may be growing at two to three times this rate at one period and not growing at all during another. The following article provides the most extensive data to date on this phenomenon. Clearly, recommended nutrient intakes must be sufficient to sustain growth rates that are sometimes far above the mean plus two standard deviations.
Growth, as reflected in height and weight, is the most commonly used indicator of nutritional status in children. Weight or height for age reflects the accumulated growth experience of an individual but, except for the very young child, tells little about current or recently past growth rate, which should be a more sensitive indicator of nutritional experience.
Growth velocity has long been used in research situations to describe the characteristics of growth patterns, but the mathematical intricacies of curvefitting have precluded its use in practical evaluation of individual children until the recent publication by Roche and Himes (1) of incremental growth charts based on six-month growth increments from one of the few longitudinal studies of growth of healthy children. These reference charts have been made available to clinicians, and thus their application in evaluating the growth of both normal and malnourished children needs evaluation.
The incremental growth charts mentioned above are based on measurements of healthy Caucasian children enrolled in the Fels longitudinal growth study between 1929 and 1978. All lived in south-western Ohio, in the United States, at the time of birth and were measured using carefully standardized methods six times in the first year of life and at six-month intervals thereafter until age 18 years. Data for six-month increments of height and weight were plotted as percentiles to construct the incremental standards, and the authors give instructions for adjustment for intervals which are not exactly six months between measurements. The total sample size for each six-month increment on which the standards are based ranged from 150 to 298, and averaged about 200.
The architects of the incremental reference charts are careful to point out that there are fundamental differences between these and the more commonly used attained-growth charts (1) . Specifically, they mention that incremental charts are more sensitive than attained-growth charts, and that therefore children may be expected to "change channels, " or move from one percentile to another, more commonly. They state that it is not possible at this time to provide criteria for clinical significance of changes in percentiles, for two reasons: First, although the standards are derived from data on healthy children, the reference increments make no claim to reflect "optimum" growth rates. And, second, the clinical significance of changes in increment percentiles must be related to the actual percentiles. Roche and Himes speculate that a change in percentiles near the extremes of the distribution should be of more clinical concern than equivalent change near the median, both because more absolute change in attained growth status results and because the observed change is occurring in a relatively slowly or rapidly growing child.
In this paper, we will examine weight increment data from two groups of infants in relation to the incremental growth standards, with a view to beginning to develop the data base necessary for rational clinical interpretation of growth increments.
METHODS
The data presented here come from two longitudinal studies conducted in our laboratory. The first, which will be referred to as the study of "normal infants, " included babies selected at birth to be healthy singleton products of uncomplicated pregnancies. All were term infants (37 weeks or more gestational age, assessed by Dubowitz examination); all were of Anglo-American or Mexican-American descent; and all were born at the University of Arizona Hospital between December 1977 and August 1980. These infants were followed with multiple anthropometric measurements, health and dietary information, and family environmental data every six months until age three years. Sixty-two infants had complete data; the sample size for each sixmonth interval ranges from 138 to 269. Birth weights were taken from hospital nursery records; they were recorded to the nearest gram by nursing personnel using a Detecto beam balance that was checked with standard weights at regular intervals. Follow-up measurements were made in the subjects' homes, using a portable beam balance calibrated at frequent intervals. All follow-up measurements were obtained within plus or minus two weeks of the day on which the infant attained six months or a multiple of six months of age.
The second study, which will be referred to as the study of "fat infants, " consisted of 27 babies studied from six to twelve months of age in a study of early-onset obesity.
These infants were selected to represent the extreme of fatness at age six months. They were referred to us by paediatricians and other health-care providers. All were above the 75th percentile of weight for length in relation to the NCHS reference standards (2) and had triceps skinfold measurements above 7.5 mm at age six months. All were otherwise healthy infants who had experienced no significant illnesses. Methods and scales were the same as in the previous study, except that weights were taken within plus or minus one week of the monthly recurrence of the date of the infant's birth.
For both groups of infants, exact intervals between measurements were converted to 182-day intervals according to the guidelines provided by Roche and Himes ( 1). Figure 1 shows the distribution of growth increments among children in the "normal" study for each sixmonth interval between birth and 36 months of age. The distribution closely approximates the reference standard between birth and six months but gradually develops a relative excess of increments at the extremes (below the 3rd and over the 97th percentile) at older ages. The distribution is significantly different from the reference population (chi-square p < .0001) at all ages over six months, and the effect is most pronounced at 30-36 months of age.
GROWTH INCREMENTS OF NORMAL INFANTS

FIG 1. Distribution of Growth Increments among "Normal" Children
When we look longitudinally at individual infants' growth patterns, we see that the usual experience in this group of normal babies was to have at least one interval between birth and 36 months which fell at the extreme (3rd percentile or lower or 97th percentile and greater; see fig. 2 ). Indeed, 35 of the 62 infants who had complete data for all intervals experienced two or three of the six intervals as "extreme" growth increments. A closer look at these 35 infants reveals that the most common experience among them was to have an extreme growth interval (either slow or rapid) followed by a compensatory interval of extreme growth in the other direction. Only three infants experienced two or more periods of extreme growth in the same direction (either slow or rapid) without a compensatory interval either immediately following or following within a year. The initial extreme interval was as likely to be rapid as slow; thus fall-back growth seems as common as catchup growth. It should be remembered that none of these infants experienced a documented severe insult such as malnutrition or serious illness during this period; rather these growth patterns represent the dynamics of growth under relatively ideal conditions. We examined the data in relation to season of the year and found no consistent seasonal pattern; thus, whether these alternating fast and slow growth periods are primarily endogenous or environmental in origin, they seem to be quite normal. Table 1 shows the percentage of children whose attained weight at age 36 months was greater than one standard deviation (,-score) from the median of the reference standard (2), classified by the number of extreme growth increments. Those children who experienced no extreme increments all fell within plus or minus one standard deviation from the reference median. About one-quarter of those experiencing one or two extreme increments fell outside one standard deviation of weight for age at 36 months, and half of those who had experienced three such periods had weight for age more than one standard deviation from the reference median (either above or below). Thus it appears that at least some children who may be relatively heavy or light for age may not represent steady rapid or slow growers but rather inconsistent growers. It should be remembered that these were all basically healthy children; only one fell outside two standard deviations of weight for age at 36 months.
FIG. 2. Six-Month Periods with "Extreme" Growth Increment (N = 62)
ATTAINED GROWTH OF CHILDREN WITH DIFFER-ENT VARIABILITY IN GROWTH INCREMENTS
GROWTH INCREMENTS OF FAT INFANTS
The study of relatively heavy and fat six-to twelvemonth olds provides the opportunity to study the growth patterns of babies selected for a previous extreme growth increment. Figure 3 shows the weight gain increments for these 27 infants from birth to six months and from six to twelve months, plotted with the data from the study of normal babies. As we would expect, the birth-to-sixmonth interval for these infants is greatly skewed toward rapid growth; all were above the 75th percentile for weight gain, and almost all were above the 90th percentile. In contrast, the second six months of life for these infants was characterized by low weight gain velocity, with more than 80 per cent below the 50th percentile and one-third below the 3rd percentile. It is possible that the study itself produced these low velocities of weight gain from six to twelve months, since all these babies had been identified by their doctors as obese or potentially obese and consistent although conservative nutrition education was provided to the mothers throughout the study. However, much previous work has shown that most fat infants revert to normal weight status with advancing age; this phenomenon may simply be an example of normal alternating growth velocity. 
CONCLUSIONS
The speculation that changes in incremental growth percentiles should be of greatest clinical concern at the extreme edges of the distribution appears to be an oversimplification. These data seem to show that most healthy infants growing under favourable conditions experience not only changes in growth velocity but changes from one extreme of the distribution to the other. This compensatory change in growth rate, catchup or fall-back growth, appears to be at least as common as steady growth velocity. Whether these periods are primarily environmental or endogenous in origin is not evident; none of these infants experienced clinical malnutrition or serious illness which could account for slow growth periods. It may be that the child who should elicit our clinical concern is not the one with a single extreme growth interval, or shifting growth velocity in the absence of other signs of malnutrition, but rather the child who exhibits steady growth velocity but at the extreme edge of the distribution. This child for whatever reason is not experiencing the opportunity to catch up or to fall back.
